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SUBSONIC LONGITUDINAL AERODYNAMIC CHARACTERISTICS OF 
A l/30- SCALE CANARD- AIRPLANE MODEL HAVING 
A WING WITH AN ASPECT RATIO OF 6.0* 

By William B. Igoe, Francis J. Capone, and Richard J. Re 


SUMMARY 


An investigation has been conducted to determine the longitudinal 
aerodynamic characteristics of a l/30- scale , nuclear-powered canard air- 
plane model having a wing with an aspect ratio of 6.0. The model was 
tested primarily at Mach numbers from 0.60 to O .92 for an angle-of- 
attack range of approximately -2° to 20°. The Reynolds number per foot 

varied from 2.0 x 10^ to 4.5 x 10^. 

The effects of end plates mounted as vertical tails, wing leading- 
edge chord-extension deflection, body filler (model cross-sectional 
area increased), and boundary-layer transition were studied for the 
model without the canard surface. Tests of the model with the canard 
surface were conducted with canard- surf ace deflection angles of -12° 
to 8° and with canard- surface tab deflections from -8° to 0° at Mach 
numbers from 0.60 to 0 . 85 . 

The model tested was unstable about its selected moment reference 
center. The test results indicated that the end plates increased the 
maximum lift-drag ratios up to a Mach number of 0.74 and decreased the 
model instability at low lift coefficients for all Mach numbers. Deflec- 
tion of the wing leading-edge chord-extension to 12° resulted in an 
increase in maximum lift -drag ratio up to a Mach number of 0. 75- Trim- 
ming the model with the canard surface resulted in a loss of maximum 
lift-drag ratio, in some cases as much as 2, over that obtained for the 
untrimmed model without the canard surface. Most of the loss was due 
to the canard- surface tab deflection required to trim the canard surface. 

*Title, Unclassified. 
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INTRODUCTION 


The longitudinal aerodynamic characteristics of a l/30-scale pro- 
posed long-range and long-duration bomber, missile carrier, and airborne- 
alert aircraft with nuclear-powered jet engines have been investigated 
in the Langley l6-foot transonic tunnel. The proposed airplane config- 
uration included a free-floating canard surface and wing-tip end plates 
for vertical tails. The model was tested with the canard surface fixed 
rather than free floating. This report contains the results of the 
investigation of the model having a wing with an aspect ratio of 6.0. 
Similar results for an investigation of the model having a wing with an 
aspect ratio of 3*6 are contained In reference 1. In addition to the 
canard- surface effectiveness and loads, the effects of end plates, wing 
leading-edge chord-extensions, a body filler which increased the model 
cross-sectional area, and boundary-layer transition on the airplane's 
stability and performance were determined. 


Tests were conducted primarily at Mach numbers from 0.60 to 0-92 
and for an angle-of -attach range of approximately -2° to 20°. Some tests 
to evaluate take-off characteristics were made at a Mach number of 0.30 
at angles of attack up to approximately 29°. The test Reynolds number 

per foot varied from 2.0 X 10^ to 4.5 X 10^. 


SYMBOLS 


a 


lift-curve slope per deg, 


dC L 

6a 


A cross-sectional area 

Aj. free-stream cross-sectional area of stream tube which enters 

nacelle duct 

c mean aerodynamic chord of basic wing ( 11.598 in.) 

c Q mean aerodynamic chord of exposed canard planform (6.4 94 in.) 

c^tab mean aerodynamic chord of canard tab ( 0.943 in.) 

Op drag coefficient, Dra % 

qS 
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C D,i nacelle duct internal-drag coefficient. 


'h,c 


2 Ai 


1 


1 ^,°° + 1 Ae 


Af 


7M 2 Al 


1 - K 1 + ?M ^) 


cos(a - 5-5°)cos 5° > 


canard- surface hinge-moment coefficient. 
Canard- surface hinge moment (one side) 
<lS c 5 c 


c h,tab canard- surface tah hinge-moment coefficient, ? ab hinge moment 


<l S tab< 


tab 


lift coefficient. 


Lift 

qS 


canard- surface lift coefficient, C N ^ c cos (a + 5 C ) 


■'m 


S 3 , 


Cmc 


pitching-moment coefficient about 0.249c, Pishing moment 

qSc 


Sc. 


static longitudinal stability parameter, — £ at C^ = 0 


canard- surface effectiveness parameter, 


S5r. 


at a = 0 


-N,c 


°p,b 

L/D 

M 

Me 


canard- surf ace normal-force coefficient, 
Canard- surface normal force (one side) 

qS c 


base pressure coefficient, 


Pb “ P« 


lift-drag ratio 

free- stream Mach number 

Mach number at nacelle duct exit 

static pressure, lb/sq ft 



P 
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q free-stream dynamic pressure, lb/sq ft 

S planform area of basic wing, includes area covered by fuselage 

and nacelles (5.258 sq ft) 

S c canard- surface exposed planform area (one side) (0.21144 sq ft) 

canard- surf ace tab planform area (one side) (0.012874 sq ft) 

a angle of attack of wing chord plane, positive leading edge up, 

deg 

7 ratio of specific heats (1.4 for air) 

S c canard deflection angle from wing chord plane measured normal 

to hinge line, positive leading edge up, deg 

Sj e outboard leading-edge chord-extension deflection angle from 

wing chord plane measured normal to hinge line, positive 
leading edge down, deg 

5 te trailing-edge flap deflection angle from wing chord plane 

measured normal to hinge line, positive trailing edge down, 
deg 

8.(. r trailing-edge trim-flap deflection angle from wing chord 

plane measured normal to hinge line, positive trailing edge 
up, deg 

£>tab canard- surface tab deflection angle from canard- surface chord 

plane measured normal to hinge line, positive trailing edge 
down, deg 


Subscripts : 


b 

base 


c 

canard 


e 

nacelle duct 

exit 

i 

nacelle duct 

inlet 

00 

free stream 


max 

maximum 


min 

minimum 
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MODEL COMPONENT DESIGNATIONS AND ABBREVIATIONS 


The following designations are used in the present paper to iden- 
tify the various components of the model: 

B fuselage and nacelles with modified rear end 

B x B with filler 

C canard 

E wing end plate 

W wing with outboard leading-edge chord-extension 

The following abbreviations are used in the present paper to iden- 
tify various distances measured on the model: 

BL buttock lines, in. 

WL water lines, in. 

FS fuselage station, measured positive rearward from a reference 

point l/2 in. ahead of actual fuselage nose, in. 

WS wing station, measured positive rearward from leading-edge 

apex, in. 

SS span station, measured positive outboard from plane of sym- 

metry in wing or canard- surf ace chord plane, in. 


MODEL, APPARATUS, AND PROCEDURE 




Model 


The l/50-scale model consisted of a wing with an aspect ratio of 6.0 
and end plates, a fuselage, a canard surface, and flow-through nacelles. 

A photograph of the model with the canard sting mounted in the wind tunnel 
is shown in figure 1. A sketch of the complete model with overall dimen- 
sions is shown in figure 2. 


Wing . - The wing details are given in table I and the planform geom- 
etry is shown in figure 3* The basic wing plan form had an aspect ratio 
of 6.339 but this was decreased to 6.000 by the addition of an outboard 
leading-edge chord-extension. A take-off configuration was represented 
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by deflection of plain trailing-edge flaps and trailing-edge trim flaps. 
When the trailing-edge flaps were deflected down, the trailing-edge trim 
flaps were deflected up to trim out the pitching moment caused by the 
flaps. 

End plates .- The wing-tip end plates served as vertical tails. They 
had sweptback planforms with about 75 percent of the surface area above 
the wing chord plane and the remainder beneath. The end-plate geometry 
is shown in figure 3 and details are given in table I. 

Fuselage . - The fuselage, shown in figure 4, had an overall length 
of 59*553 inches, a maximum height including the ducts of 5*937 inches, 
and a maximum width including ducts of 13*706 inches. There was a simu- 
lated canopy shape near the nose, and the sides of the fuselage were 
flat in the vicinity of the canard surface. The rear end of the fuselage 
differed from the proposed airplane shape so that the model could be 
sting mounted in the wind tunnel. In order to allow for the presence 
of the sting cavity, the nacelle inboard duct exits were also altered. 
These differences between the model and the proposed airplane are shown 
in figure 5 which also shows that some external duct-exit shroud geom- 
etry was not duplicated. 

Nacelles .- Two nacelles were mounted side by side near the rear of 
the fuselage. The elliptical inlets were located at the side of the 
fuselage just forward and below the wing leading edge. The external 
geometry of the nacelles may be seen in figure 4 and the nacelle inter- 
nal ducting is illustrated in figure 6. Each duct had two exits, with 
the area of the inboard exits for each duct decreased (see fig. 5) 
because of the presence of the model-sting cavity as has already been 
indicated. 

The duct internal cross-sectional-area distribution is given in 
figure 7* Internal blockage was provided in the ducts by a screen, of 
about 70-percent porosity, installed just forward of the duct splitter 
plate for the inboard and outboard exits. The external geometry of the 
nacelles was varied with the use of a filler, as shown in figure 4, to 
simulate an alternate power plant configuration. 

Canard surface .- The canard surface was located at the nose of the 
fuselage with the hinge line normal to the plane of symmetry, 

31.863 inches forward of and 2.63^ inches below the model moment refer- 
ence center. Although the airplane canard is free floating, the model 
canard was fixed, but its incidence was variable about the hinge line 
from -12° to 20°. A sketch of the canard planform is shown in figure 8 
and geometrical details are given in table I. A trailing-edge tab on 
the canard was used to obtain canard moment trim conditions about the 
hinge line. Because the sides of the fuselage were flat in the vicinity 
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of the canard, the canard root chord fit relatively flush with the fuse- 
lage side and any canard unporting throughout the range of canard deflec- 
tion angles was eliminated. 

Area distribution .- Cross-sectional area distributions of the vari- 
ous model components are shown in figure 9- In figure 10, total area 
distributions for the model with and without filler are compared with 
the area distribution the model would have if its external geometry had 
not been altered due to the presence of the sting cavity. External 
wetted areas for the model configurations are given in table II. 

l 

Boundary- layer transition grain pattern .- For most of the tests in 
> which the boundary-layer transition point was fixed, No. 120 carborundum 

grains were sparsely distributed in a thin film of shellac in strips 
i near the leading edges of the various model components. On the wing a 

Oi^O- inch-wide strip was parallel to and 0.60 inch behind the leading 
edge. On the end plates, nacelles, and canard, a 0.25-inch-wide strip 
was parallel to and 0.^0 inch behind the leading edge. On the fuselage, 

, a 0.25-inch -wide circumferential strip was 0.75 inch behind the nose. 

All distances are measured in the streamwise direction. Configura- 
tion BWE with 6^ e = 12° was also tested with free transition. 


Instrumentation 

The model forces and moments were measured with a six-component 
Internal strain-gage balance. The canard was instrumented with strain 
gages to measure canard normal force, hinge moment, and tab hinge moment. 
The model angles of attack were determined with an internal pendulum-type 
attitude indicator. Canard attitudes, however, were determined from 
deflection calibrations under load. 

The nacelle-duct internal flow characteristics were determined with 
temporary duct-exit rakes consisting of static- and stagnation-pressure 
probes. Permanently installed model pressure instrumentation consisted 
of inlet stagnation-pressure rakes and throat- and maximum-area static- 
pressure orifices. This permanent instrumentation was calibrated with 
the exit -pres sure data so that the nacelle internal flow characteristics 
could be determined when the temporary rakes were removed during the 
force tests. The duct pressure instrumentation is shown in figure 12. 

Model base pressure was measured during the tests by means of three 
static-pressure taps distributed around the model base. 


* 
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Wind Tunnel 

The model was sting mounted (as shown in fig. l) in the Langley 
l6-foot transonic tunnel which is described in reference 2. This is a 
single-return wind tunnel with a slotted octagonal throat and is oper- 
ated at atmospheric stagnation pressures. The wind-tunnel model- support 
system pivoted so that the balance moment center remained near the center 
of the test section throughout the angle-of-attack range. 


Data Reduction 

All forces and moments have been reduced to standard coefficient 
form with the model force data referred to the stability axis system. 

The nacelle internal drag has been subtracted from the model drag. The 
nacelle internal-drag coefficients Cp^p are presented in figure 12 
for the model without the canard (BWE with 6^ e = 12° and 5^ e = 25°) 
and for the model with the canard (BCWE with S2 e = 12°). In addition, 
model forces have been adjusted to the condition of free-stream static 
pressure existing at the base. Typical model base pressure coefficients 
for models BWE and B-|_WE with 5 Ze = 12° and BWE with b le = 25° are 

presented in figure 13- As mentioned previously, the model angle of 
attack was determined independently with an attitude transmitter. The 
canard- surface incidence settings were corrected for deflections under 
load. No other corrections or adjustments have been applied to the 
dat a . 


Accuracy 


The accuracy of the data, based on instrumentation error and 
repeatability, has been estimated to be: 


M ±0.01 

a, deg ±0.1 

5 C , deg ±0.2 

S t ab> de 8 ±0 -5 


At M = 0.30, 


C D 

C D 

c m 


at low Cp 
at high 



±0.030 

±0.004 

±0.020 

±0.020 
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At M = 0.60 to M = 0 . 98 , 


Cj) at low . . 
Cp at high 

Cm 

C N,c 

Ch,c 

( -'h,tab 
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±0.010 

±0.001 

±0.005 

±0.005 

±0.010 

±0.001 

±0.002 


TESTS 


Most of this investigation was conducted at Mach numbers from 0.60 
to O .92 and through an angle-of -attack range of approximately -2° to 20°. 
A body alone configuration (b) was also tested at Mach numbers of 0.95 
and 0 . 98 . Another configuration (BWE with &t e = 25°, Str = 25°, and 
5} e = 25 ° or 5 i e = 4o°) was tested as a take-off configuration at 
M = 0.30 at angles of attack up to 29°. The Reynolds number per foot 

varied from 2.0 x 10^ to 4.5 X 10^ (fig. l4) . All configurations were 
tested with transition fixed except for configuration BWE with 5 = 12° 

which was tested with and without transition. The test variables are 
summarized in table III. 


PRESENTATION OF RESULTS 


The results of this investigation are plotted in coefficient form. 
Basic aerodynamic data for the configuration without the canard are 
shown in figures 15 to 24 and summary data are given in figures 25 to 34. 
Basic data for the configuration with the canard are presented in fig- 
ures 35 to 4l. Canard loads data are shown in figures 42 to 48 and 
canard tab loads data are shown in figure 49- Trimmed drag polar s are 
presented in figure 50 for the configuration with the canard. Table III 
lists the configurations, test conditions, and the numbers of the figures 
in which the results are given. 


DISCUSSION 


The basic force data without the canard (figs. 15 to 21) show that 
the model is unstable about its moment reference center. In order to 
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show the cause of this instability, the pitching -moment coefficients for 
configurations B (body alone) and BW (body and wing without end plates) 
have been plotted against angle of attack in figure 22. In this figure, 
the difference between the pitching -moment coefficients of configura- 
tions BW and B is the contribution of the wing pitching moment plus the 
mutual interference effects of the wing and body. It is evident that 
the wing-body instability is caused by the body which is highly unstable 
about the selected moment reference center. However, the wing itself 
has a stable contribution and its addition to the body reduces the 
instability. 


Force Data for Model Without the Canard 

Effects of end plates .- The effects of end plates can be found by 
comparing configurations BW and BWE in the basic-data figures l6 and 17 
and in the summary figures 25 to 29- The addition of the end plates 
helped to decrease the model instability at Cp = 0 (fig- 26). As seen 

in figure 25 , there is an increase in lift-curve slope with the addition 
of end plates at Mach numbers up to 0.80. At Mach numbers up to 0-75 
(fig. 28), the value of (t/D) max is higher for BWE than for BW even 

though figure 27 shows that for all Mach numbers BWE has a higher value 
of than does BW. The increase in (L/D) max is a result of an 

increase in the effective aspect ratio of the wing with the addition of 
end plates. 

Effect of deflection of leading-edge chord-extension .- The effect 
of deflecting the leading-edge chord-extension can be found by comparing 
5j e = 0°, 12°, and 25° for configuration BWE in the basic-data fig- 
ures 17 to 19 and in the summary figures 50 to 3^* Figure 31 shows that 
the model with 6j e = 0° was less unstable at Cp = 0 than the model 

with either bi e = 12° or 6j e = 25 °, the model with the chord-extension 
deflection of 25° being very unstable. However, the model with 
S i e = 12° exhibited less abrupt instability at high lift coefficients 
than the model with 5^ e = 0° (figs. 17 (c) and 18 (c)). 

The maximum lift-drag ratio (fig. 33) was higher for 5^ e = 12° 
than for §i e =0° up to M = 0.7^ even though Cp jin i n (fig- 32 ) was 
higher at all Mach numbers for 6j e = 12° than for 5j e = 0°. This 
increase in the value of (L/P) mav . may be due to an improvement in wing- 
span load efficiency with chord -extension deflection. However, the value 
of Cp^ m i n for 6 = 25 ° was much higher than for the other two chord- 
extension settings with a resulting large loss in the value of (L/D) max . 
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The deflection of the leading-edge chord-extension of 12° resulted 
in the highest lift-curve slope (fig. 30) at Mach numbers up to 0.82. 
Because of this higher lift -curve slope and also because of better high- 
lift stability and ( L/D^ar characteristics, a deflection of the 
leading-edge chord-extension of 12° was probably near the best chord- 
extension deflection for cruise conditions. 


Effect of body filler .- The effect of body filler can be found by 
comparing models BWE and BpWE in the basic-data figures 17 and 20 and 

in the summary figures 25 to 29 . The addition of the body filler 
decreased the instability at Cl = 0 (fig. 26 ), and the model became 

slightly stable at M = O. 92 . However, the addition of body filler 
caused more high-lift instability (figs. 17(c) and 20(c)). The body 
filler also caused a reduction in lift-curve slope at Mach numbers up 
to O .78 (fig. 25 ), a small increase in Cp jni n (fig. 27 ), and a decrease 

in (L/D)^ (fig. 28 ). 


Effect of boundary-layer transition .- The effect of boundary-layer 
transition can be found by comparing basic-data figures 17 and 21 and 
summary figures 25 to 29 for configuration BWE (6j e = 12°) with and 


without fixed boundary-layer transition. The effect of fixing boundary- 
layer transition can best be seen by examination of the basic -data fig- 
ures. For the model with free transition at Mach numbers of 0.80, O. 83 , 
and 0 . 875 ^ abrupt changes in Cl and Cp occur (figs. 21(a) and 21(b)) 


which are probably caused by local flow separation. There is also very 
abrupt high- lift instability (fig. 21(c)) at the same Mach numbers. The 
model with free transition was also more unstable at Cl = 0 as shown 

by the data for C^ in figure 26. An expected decrease in C-p^-j^ 

L 

(fig. 27 ) resulted in an increase in (l/d) ^^ (fig. 28 ). 


Take-off characteristics .- A comparison of the take-off character- 
istics of configuration BWE with S^e = 25° and 4o°, &te = 25°, and 

&tr = 25° is shown in the basic-data figures 23 and 24. The maximum 

lift coefficient obtained was about 1.13 for both chord-extension deflec- 
tions. Both chord-extension deflections gave neutral or slightly nega- 
tive stability at low lift coefficients with an abrupt increase in sta- 
bility near a Cl of 1.0. 


Force Data for Model With the Canard 

A fixed canard is generally destabilizing; and since the model was 
tested with a fixed canard, the model was more unstable with the canard 
than without it. However, for the airplane, the canard would be free 
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floating so that its aerodynamic contribution would be essentially for 
trim purposes and would not affect “the longitudinal stability. This 
characteristic of free-floating canards for use as longitudinal trim 
controls is discussed in reference 3. The results of the investigation 
of the model with the canard are presented in figures 35 and 36 for con- 
figuration BC and in figures 37 to 4l for configuration BCWE with 
§i e = 12°. These results can be compared with configuration BWE with 

5j e = 12° (fig. 17) for the effects of the canard. 

Since the canard was fixed in this investigation, the effect of a 
free-floating canard on data for Cl, Cp, and C m is difficult to 
determine because it is necessary to interpolate for conditions where 
both the model moments about the moment reference center and the canard 
hinge moments about the canard hinge line are simultaneously trimmed. 
Sufficient data to cross plot for interpolation at these conditions are 
available only at M = 0.80, and therefore the possible comparisons of 
the model with and without the canard would be limited to a single point. 
However, some canard effects can be seen from the untrimmed data of fig- 
ures 37 to 4l. The fixed canard caused slight increases in the lift- 
curve slope and C-p ^ n in addition to making the model more unstable. 

Trimmed drag polars .- In order to determine the effects of the 
canard on maximum trimmed lift-drag ratios, drag polars were constructed 
for the model trimmed about 0.169c. This forward shift of the moment 
reference center from 0.249c resulted in a stable configuration without 
the canard (BWE with S^e = 12°) with a static margin of from 1 to 4 per- 
cent at Mach numbers from 0.60 to 0.85. The trimmed drag polars, deter- 
mined only for trimmed model moments and not for trimmed canard- surface 
hinge-line moments, are presented for configuration BCWE with §i e = 12° 
in figure 50 for &tab = -4° at M = 0.60, M = 0.80, and M = O.85, 
and at M = 0.80 for &tab = 0°, &tab = -4°, and Stab = -8°. 

The following table shows a comparison of trimmed and untrimmed 
maximum lift-drag ratios for the model with 6je = 12°: 



BCWE 

BWE 

BW 

M 

^tab> 

deg 

Trimmed 

Untriramed 

( L / D >max 

Untrimmed 

0.80 

0 

12.5 

12.6 

12.8 

.60 

-4 

14.9 

16.2 

15.7 

.80 

-4 

11.6 

12.6 

12.8 

.85 

-4 

9.2 

10.2 

10.6 

.80 

-8 

10.6 

12.6 

12.8 
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A comparison of the data in the table shows that the use of the canard 
for trim resulted in a loss up to about 2 in (L/D) mR y. 

For M = 0.80, the canard hinge moments are nearly trimmed at 
(L/D) max on the drag polars of figure 50 for S^ab = -4°. The varia- 
tion of (L/D) majc with 5b a b at M = 0.80 shows that significant 

losses can result from the tab deflections which may be necessary to 
trim the canard hinge moments. 

Canard and tab loads .- The canard normal-force and hinge-moment 
coefficients are presented in figures 42 to 48 and the canard tab hinge- 
moment coefficients are presented in figure 49. By comparing appropriate 
data figures, the interference effects of the canard on model components 
such as the body or wing, or the model components on the canard are seen 
to be small except for the interference effects of the body on the canard. 
This effect is evident in the data for Cj^ c in figures 42 to 48. When 
the canard should have been alined with the free stream (a + 6 C = 0) , 

Cjj c should have been zero. The measured load on the canard at this 
condition was probably due to an induced flow field at the body nose. 

The variation of C^c with a at fixed 6 C or with 5 C at 

fixed a indicates that the canard was generally stable about its hinge 
line. The nonlinearities present in the data for C^c were apparently 
associated with the local angle of attack and not due to body interfer- 
ence. This may be seen from the data for C^ c in figure 46(c) where 

Ch,c I s plotted against the canard single of attack a + 5 C . 


Canard effectiveness .- The canard effectiveness parameter C m g 

was obtained from the data for C m in figures 35 to 4l at a constant 

angle of attack (a = 0°). The value of Cm,. has also been calculated 

°c 

from the exposed panel canard loads (with no allowance for fuselage 
carryover or canard chord- force effects) by the following equation: 


C - 2 Sc 
Cm 6 c S~ 


^cd + 


h.c 


8s r 


86 , 


where d is the distance from the canard hinge line to the model moment 
reference center. These results are compared in the following table: 
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Configuration 

b le> 

deg 

M 

^tab> 

deg 

^ L ,c 

86 c 

^h,c 

8 S C 

Calculated 

Cmc 

6 c 

Measured 

BC 


0.80 

0 

o.o437 

- 0.0028 

0.0095 

0.0103 

BC 


.85 

0 

• 0475 

-.0035 

.0104 

.0103 

BCWE 

12 

.80 

0 

.0430 

-.0024 

.0094 

.0101 

BCWE 

12 

.60 

-4 

.0432 

-.0024 

.0094 

.0099 

BCWE 

12 

.80 

-4 

.0435 

-.0027 

.0095 

.0100 

BCWE 

12 

.85 

-4 

.0426 

-.0025 

.0095 

.0098 

BCWE 

12 

.80 

-8 

.0438 

-.0027 

.0096 

.0098 


The measured values of Cm indicate that the canard effectiveness 

°c 

is not influenced appreciably by canard tab deflection, Mach number vari- 
ation (from M = 0.60 to O. 85 ), or the presence of the wing. 


A comparison of the calculated and measured canard effective- 
ness C m _ shows that this parameter could be satisfactorily predicted 
5 c 

from C L ^ c and despite the neglect of body carryover loads and 

canard chord force. 


CONCLUSIONS 


A wind-tunnel investigation of the longitudinal aerodynamic charac- 
teristics of a l/ 30 -scale subsonic, nuclear-powered canard airplane model 
which was longitudinally unstable for the selected moment reference 
center, indicated the following conclusions: 

1. The addition of end plates as vertical tails increased the maxi- 
mum lift-drag ratio up to a Mach number of 0.75 and decreased the model 
instability at low lift coefficients and at all Mach numbers. 

2. Deflection of the wing leading-edge chord-extension to 12° 
resulted in an increase in maximum lift-drag ratio up to a Mach number 
of 0.74 and also decreased the abrupt model instability at high lift 
coefficients. 

3 . The addition of a body filler which increased the cross-sectional 
area of the model decreased the model instability at low lift coeffici- 
ents and caused small increases in minimum drag. 
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4. The addition of a canard with its associated loads for longitud- 
inal trim resulted in a loss of maximum lift -drag ratio, in some cases 
as much as 2 , over that obtained for the untrimmed model without the 
canard. Most of the loss was a result of canard tab deflection required 
to trim the canard. 

5* Canard effectiveness was not influenced appreciably by canard 
tab deflection, Mach number variation, or the presence of the wing. 


Langley Research Center, 

National Aeronautics and Space Administration, 

Langley Air Force Base, Va., January 2k, 1962 . 
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TABLE I.- MODEL GEOMETRICAL CHARACTERISTICS 


Wing: 

Aspect ratio - 

Basic planform 6.339 

Including leading-edge chord-extension 6.000 


Planform area - 


Basic planform, sq ft a 5-258 

Including leading-edge chord-extension, sq ft 5 *556 

Mean aerodynamic chord (basic planform) - 

Length, in a 11.598 

Fuselage station of leading edge, in 36.55*+ 

Fuselage station of 0.25c, in 39.454 

Taper ratio, basic planform 0.*+00 

Quarter-chord sweepback angle, deg 33*833 

Root-chord incidence (relative to WL plane), deg 3*50 

Dihedral angle outboard of SS 6. 333 > deg 4 


Airfoil section (linear variation of airfoil thickness 
between SS) at - 


SS 0 NACA 0011.7-65 (modified) 

SS 6.333 NACA 0011-65 

SS 20.768 NACA OOO 8 . 5-65 

SS 20.768 NACA OOO 8 . 5-65 (modified) 

SS 3*+*64l NACA 0007*6-65 (modified) 


End plate - upper part : 

Planform area (one side), sq ft 0-323 

Taper ratio 0.2085 

Airfoil section NACA OOO 8-65 


End plate - lower part : 

Planform area (one side), sq ft 0.094 

Airfoil section NACA 0007*3-65 

Canard : 

Aspect ratio 2.093 

Planform area, sq ft 0.724 

Exposed area (one side), sq ft a 0.211 

Exposed semi span, in 5*38*+ 

Mean aerodynamic chord, in a 6.*+9 i + 

Dihedral angle, deg 0 

Airfoil section NACA 0006-64 

Hinge-line sweepback angle, deg 0 

Tab area (one side), sq ft a 0.013 

Tab mean aerodynamic chord, in a 0.9*+3 


^ata reduction constant. 
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TABLE II.- 'WETTED AREAS 


! 

Configuration 

Area, sq. in. 

BW 

2,663 

BWE 

2,891 

B X WE 

2,958 

BCWE 

5 >020 



TABLE III.- INEEX TO FIGURES 
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TABLE III.- INDEX TO FIGURES - Concluded 
(h) Summary of Data 


Figure 


Comparison of configurations B and BW with 5^ e = 12° 

for 22 

Comparison of configurations BWE (free transition), BW, BWE, 
and B-|_WE with 6^ e = 12° for - 

a 25 

26 

CD,min 

(l/d) 28 

Kl 'max 

c i ^ (!■/*>)„* 29 


Effect of leading-edge chord-extension deflection for config- 
uration BWE with b le =0°, 12°, and 25° for - 



^D,min 



C L for (L/D)^ 

Trimmed drag polars for configuration BCWE with 5 \ e = 12° . . 


50 

51 

52 
55 
54 
50 
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Figure 8.- Sketch of canard planform. All dimensions in inches unless 

otherwise noted. 
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Figure 10. 











OtrQT-'T 








L-l84o 




transonic tunnel. 


Lift coefficient, 



(a) Lift coefficient. 

Figure 15.- Aerodynamic characteristics for configuration B. 



Lift coefficient, 



Pitching-moment coefficient, Cm 






(a) Lift coefficient. 

Figure 16.- Aerodynamic characteristics for configuration BW 

with 8 7 „ = 12°. 




Figure l6.- Continued. 





Angle of attack, a , deg 


(a) Lift coefficient. 

Figure IT-- Aerodynamic characteristics for configuration BWE 

with =12°. 
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Figure 1J.~ Continued. 


Pitching-moment coefficient, 
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(c) Pitching -moment coefficient. 
Figure 17*- Concluded. 


co: 





(a) Lift coefficient. 

Figure l8.- Aerodynamic characteristics for configuration BWE 

with 6-1* = 0°. 
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Figure 18 .- Continued. 



(c) Pitching -moment coefficient 
Figure l8.- Concluded. 




Angle of attack, a , deg 


(a) Lift coefficient. 

Figure 19. - Aerodynamic characteristics for configuration BWE 

with 67 ^ = 25°. 




Figure 19 *- Continued. 




ntchmg-momenf coefficient, 



(c) Pitching -moment coefficient 


Figure 19 •- Concluded. 
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Angle of ottock, a, deg 


(a) Lift coefficient. 

Figure 20.- Aerodynamic characteristics for configuration B-jWE 

with = 12°. 



L-18^0 


• • • 

• « 

» • •• 


»♦ «• 

• • 

> • • 



<£) lO 


ro OJ 


~Iq ‘juaioijpoo mi 


CONF 


Figure 20.- Continued. 











Figure 21.- Continued. 




Lift coefficient, 


(c) Pitching -moment coefficient 
Figure 21.- Concluded. 




Pitching-moment coefficient, Cm 




Figure 22.- A comparison of the pitching-moment coefficients for config- 
urations B and BW with b le = 12°. 
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Figure 2k.- Aerodynamic characteristics for configuration BWE with 

6+- = 25° at M = 0.30. 





Figure 2^.- Concluded- 
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slope with Mach number for configuration 



-l84o 



the variation of with 



with Mach number for configuration 



Mach number, M 


Figure 33.- Effect of deflection of leading-edge chord-extension on the 
variation of (L/D) max with Mach number for configuration BWE. 




Mach number, M 


Figure J>k.- Effect of deflection of leading-edge chord-extension on the 
variation of C Ti for (l/d)^-^ with Mach number for configuration BWE 
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(a) Lift coefficient. 

Figure 35* - Aerodynamic characteristics for configuration BC 
with So._-u =0° at M = 0.80. 
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Lift coefficient, Cj_ 

(c) Pitching -moment coefficient 
Figure 36.- Concluded. 
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Angle of attack, 


(a) Lift coeffi 

Figure 37 *- Aerodynamic characteristic 
S 7a = 12° and B+oh = 0 C 






Figure 37 -- Continued. 
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Figure 38 .- Continued. 
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(a) Lift coefficie 


Figure 59* - Aerodynamic characteristic 
with 5? e = 12° and &t a b = - 






Figure 39-- Continued. 







Angle of attack, a, deg 


(a) Lift coefficient. 

Figure 4o.- Aerodynamic characteristics for configuration BCWE 
with 5} e = 12° and &tab = - 1+0 at M = O. 85 . 
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Figure 4o.- Continued. 








Figure k-1.- Continued. 




Angle of attack, a, deg 


(a) Canard normal-force coefficient. 

Figure 42.- Canard normal-force and hinge-moment coefficients for config 
uration BC with 6+ab = °° M = 0.80. 
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43.- Concluded. 



Angle of attack ,a,deg 


Figure 


(a) Canard normal-force coefficient. 

44.- Canard normal-force and hinge-moment coefficients for config 
uration BCWE with 67 e = 12° and &tab =0° at M = 0.80. 




Angle of attack, a, deg 


(a) Canard normal-force coefficient. 

Figure ^5-- Canard normal-force and hinge-moment coefficients for config 
uration BCWE with &i e = 12° and &t a b = “^° at M = °* 60 ' 




Angle of attack , a, deg 


(a) Canard normal-force coefficient plotted against angle of attack. 

Figure 46.- Canard normal-force and hinge-moment coefficients for config 
uration BCWE with &^ e = 12° and 6+-ab = M = 0.80. 
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Angle of attack, a, deg 


(a) Canard normal-force coefficient. 

Figure 47.- Canard normal-force and hinge -moment coefficients for config' 
uration BCWE with b le = 12° and 5^ = - 4 ° at M = O. 85 . 
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Figure 49.- Tab binge-moment coefficient for configuration BCWE with 
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o 

M = 0.60 


.80 


.85 


Drag coefficient, Cp 



s tab = °° - 4 ° -8° 

Drag coefficient, Cq 


Figure 50.- Variation of trimmed drag polar s with Mach number and canard 
tab deflection for configuration BCWE with 6^ e = 12°. Symbols indi- 
cate interpolated points. 
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